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GEORGES BANK
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ABSTRACT

Lengths calculated at each scale annulus from 510 winter flounder, Pseudopleuronectes
americanus, collected on Georges Bank during 1963-66 provided a measure of growth up to
12 years of age. Growth was more rapid on Georges Bank than on inshore areas. Females
grew faster than males after age 2. Fish from eastern Georges Bank grew slightly faster
than those from western Georges Bank. Bertalanffy growth equations were computed for

each sex.

The winter flounder, Pseudopleuronectes ameri-
canus (Walbaum), found in Atlantic coastal
waters from Newfoundland to Cape Hatteras, is
a common fish in the New England and middle
Atlantic catch. Landings by commercial fisher-
men, mostly with otter trawls, averaged 12,000
metric tons annually in the period 1966-70. In
addition, there is a large sport fishery since
the species occurs in shallow coastal waters
easily accessible to saltwater anglers. The
estimated angler catch in 1965 was 13,000 tons
(Deuel and Clark, 1968).

Most of the catch is made in the New England
area where the species is found on both inshore
and offshore grounds. There appear to be a
number of distinct groups in this area, judging
from movement of tagged fish and variation in
numbers of fin rays (Perlmutter, 1947; Bigelow
and Schroeder, 1953; Lux, Peterson, and Hut-
ton, 1970). One of these groups is on Georges
Bank where the fish are larger and have more
fin rays than on inshore areas. There is almost
no movement of winter flounder between Georges
Bank and inshore grounds. The growth material
presented here is for winter flounder from
Georges Bank.

On the basis of size, color, and fin ray number,

1 Northeast Fisheries Center, National Marine Fisher-
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Kendall (1912) determined that the winter
flounder from Georges Bank comprised a
separate species, which he named P, dignabilis.
Bigelow and Schroeder (1953), however, con-
sidered the differences as no more than racial,
a view which presently prevails.

Studies of winter flounder growth on inshore
areas, summarized by Berry, Saila, and Horton
(1965), Poole (1966), and Kennedy and Steele
(1971) indicated that age determination from
hard body parts is difficult and that growth
rate varied with area. Females grew faster
than males, at least after the first few years.

There is no previous study on growth of
winter flounder on Georges Bank although it
has long been known that winter flounder there
grow much larger than on inshore grounds
(Bigelow and Schroeder, 1953).

MATERIALS AND METHODS

The fish for the study were obtained from
research vessel and commercial catches in
1963-66. The research vessel samples were
from National Marine Fisheries Service Al-
batross IV groundfish surveys (Grosslein, 1969).
Since the otter trawl used had a Y2-inch mesh
liner in the cod end, both large and small fish
were obtained. Six additional samples were
collected from catches of commercial otter
trawlers, and these contained only fish greater
than 36 em in total length.
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Ficure 1.—Locations on Georges Bank
where winter flounder were collected
for age and growth studies. (Dots:
eastern Georges Bank; triangles: western
Georges Bank,)

Locations where samples were taken for the
study cover most of the northern half of
Georges Bank (Figure 1). Otter trawl catches
from the Albatross IV groundfish surveys
suggest that there are two somewhat separate
areas of winter flounder abundance on Georges
Bank. The area of greatest abundance extends
from Cultivator Shoal eastward to about long
67°W. This is the area where most of the
Georges Bank commercial catch is taken. The
other area is southwest of Cultivator Shoal
and extends westward from there to about long
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69°W. The two areas are roughly shown by
plotting catches of winter flounder from eight
groundfish surveys on Georges Bank (Figure
2). Although sampling was relatively uniform
over the entire Bank to a depth of 200 m (see
figures in Grosslein, 1969), catches of five or
more winter flounder per otter trawl station
were made only in the above-defined areas.
Growth was computed separately for fish from
these two areas (Figure 2).

Scales were used for age determination since
these appeared easier to interpret than otoliths
and had the advantage of greater ease for cal-
culation of lengths at earlier ages. The scales
were removed from the eyed side of fish along
the lateral line in the area just anterior to the
caudal peduncle. Total length in millimeters
and sex were recorded for each scale sample.
Except where noted, lengths given herein are
total lengths.

Impressions of the scales were made in
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FIGURE 2.—Georges Bank stations (30-min otter trawl
hauls) where five or more winter flounder were caught
during fall groundfish surveys in 1963-70. (Dashed line
indicates the boundary between cast and west Georges
Bank for the growth study.)

transparent cellulose acetate strips. These were
viewed with a microprojector using 40X
magnification, and year marks (annuli) were
identified and counted. Criteria for distinguish-
ing annuli were the same as those used for
New England yellowtail flounder, Limanda
Serruginea, (Lux and Nichy, 1969) which, like
the winter flounder, have ctenoid scales. With
the exception of the first year, spring and
summer growth was characterized by widely
spaced circuli (rapid length accretion) and
fall and winter growth, by closely spaced
circuli (slow length accretion). The outer edge
of the zone of closely spaced circuli was con-
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sidered to be the annulus. Slight checks in
growth consisting of only a few closely spaced
circuli were considered to be false annuli and
were ignored in assigning age. In the first year
all circuli are closely spaced. The annulus here
was taken to be the outermost of these circuli.

Ages were assigned to each fish by the
author and, independently, by an assistant.
For some scales reliable growth calculation
appeared impossible because of regeneration,
erosion, resorption, or checks. These, making up
about 15% of the total sample, were omitted
from the calculations. As might be expected,
the proportion of rejected scales was much
higher for large fish (Table 1).

TasLE 1.—Length-frequency distribution of winter flounder
collected on Georges Bank in 1963-66 and proportions
included in the growth calculations, by S-cm intervals.

Length interval Total number tncluded in calculations

cm) of fis|

Number Percent
11-15 4 4 100.0
16-20 n n 100.0
21-25 18 18 100.0
26-30 27 26 96.3
31-35 28 28 100.0
36-40 80 73 1.2
41-45 108 M 93.5
46-50 158 133 84.2
51-55 94 69 73.4
56-60 55 38 69.1
61-65 15 8 53.3
66-70 4 1 25.0
Total 602 510 84.7

Age was determined, to the extent possible,
for the rejected scales and length at age of
these fish was compared with that of fish
included in the growth calculations to determine
if bias was introduced by the rejection of part
of the sample (Figure 3). While the samples
were rather small in the older ages, there
appeared to be no difference in growth of the
two groups of fish.

Totals of 412 fish from eastern Georges
Bank and 98 from western Georges Bank were
included in the calculations. All of the commer-
cial samples, consisting of 225 fish, were from
eastern Georges Bank.

Length at each annulus was calculated from
measurements of anterior scale radii. The re-
lationship of body length to scale length ap-
proximated a straight line, except for curvi-
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FIGURE 3.—-Mean lengths at capture by age group for
fish from commercial samples included in growth calcu-
lations (circles) and those rejected (triangles). (Open
symbols represent fewer than three fish.)

linearity among the smallest fish (Figure 4).
Direct proportion growth calculations therefore
were made using the equation

S
1, = c+—SH(I-C)

where [, is the fish length at the time of
formation of the wnth annulus, C is the fish
length at scale formation, S, is the anterior
scale radius to the wnth annulus, S is the
anterior scale radius at capture, and [ is the
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FIGURE 4.—Body-scale relationship of Georges Bank
winter flounder based on measurements of 101 fish.
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fish length at capture (Fraser, 1916). Two
scales were measured for each fish. A nomo-
graph was used to facilitate computations
(Carlander and Smith, 1944).

For the value of C an estimated fish length
at scale formation of 20 mm was used. This
was based on examination of winter flounder
17 to 25 mm long collected in Massachusetts
coastal waters in early June 1962 (Lux and
Nichy, 1971). I have assumed that scale
formation occurs at about the same length on
Georges Bank where I have collected no fish of
the above sizes.

Evidence, indicating that marks identified
as annuli on the scales of winter flounder from
Georges Bank were actual year marks, was
obtained from several sources. The main lines
of this evidence are summarized below.

1. There is a correlation between age and
gize in that increase in number of annuli
is accompanied by an increase in fish size
(Figure 5).

2. Lengths at various annuli calculated from
scales correspond with empirical lengths
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FiGURE 5.-—Mean length at age ‘from scale age deter-
minations (dots) compared with mean calculated length
at each annulus (open circles) for male and female
winter flounder from eastern Georges Bank.
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at the same ages determined from reading
scales (Fiigure 5).

3. There is agreement on length at age of
fish from the same age-groups collected in
different years (Table 2) and agreement
on calculated growth among different year
classes (Tables 3 and 4).

4. Distinguishing permanent marks consist-
ing of unpigmented spots on the eyed side
of the fish occurred in successive years in
an estimated 4 to 13% of winter flounder
from the 1959 year class on eastern
Georges Bank (Lux, in press). This white
spotting appears to occur in far less than
1% of the fish of a year class normally.
White-spotted fish of the 1959 year class
were collected in 1964, 1965, and 1966.
Those from 1964 had 5 annuli on their
scales; those from 1965, 6 annuli, and
those from 1966, 7 annuli, showing that
1 annulus was added each year. The mean
lengths of spotted fish from this year
class showed regular increases over these
3 years (Table 5). Growth rate was unaf-
fected by white spotting.

TaBLE 2.—Number (n) of fish in each sample and mean
length in centimeters (cm) at capture by age group for

male and female winter flounder from eastern Georges
Bank in 1963-66.

Age Year Male Female
group caught
n cm n [<13]
1 1965 12 29.4 8 327
1966 8 30.1 5 35.8
1t 1964 2 38.2 4 39.4
1965 5 38.4 3 32.7
1966 27 39.3 38 39.2
v 1963 — — 1 47.8
1964 18 43.8 18 45.0
1965 — — 2 46.6
1966 n 43.4 10 42.9
v 1964 20 47.1 7 50.8
1965 — — _ —
1966 14 46.6 9 50.5
\7 1964 10 48.3 7 50.6
1965 12 49.3 n 541
1966 18 47.8 10 521
VI 1963 1 51.4 — —
1964 5 49.8 — —
1965 1 44.1 2 55.8
1966 24 496 28 550
Vil 1964 6 54.3 ! 61.0
1965 1 58.9 - —
1966 4 51.0 7 56.6
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TaBLE 3.—Number (n) of fish in each sample and calculated mean length in centimeters (cm) at each annulus, for
each year class and for all year classes combined, for male and female winter flounder collected on eastern Georges

Bank in 1963-66.

Number of annuli

Year 2 3 4 5 6 7 8 9 10 11 12
class

n wm n am n cm n cm n can n cm 1 cnm hn cm AR cm R cn R cm N cm

Males
1955 2 62 2 192 2 336 2 408 2 4446 2 466 2 478 2 490 2 500 1 504 1 508 — —
1956 4 114 8 244 8 385 8 451 8 492 8 512 8 525 7 540 1 543 A 551 — — - —
1957 5 86 8 238 8 381 8 438 8 474 8 497 8 510 3 542 2 534 — - — - = -
1958 9 75 15 226 15 364 15 425 15 458 15 478 5 484 4 507 — — = — - — _
1959 46 98 56 280 56 39.0 56 439 56 465 36 48.4 24 492 — — — —_ — _—— — _
1960 27 82 36 258 36 376 36 432 18 458 18 475 — — — — — — - — - = —
1961 1 78 16 23.4 16 36.1 14 426 14 458 — [ — — — - —_— — — —_—— _
1962 12 83 16 249 16 363 11 416 — — — - — - — — - — — - — — - _
1963 34 7.1 39 247 39 358 — —_ = — —_—— —_ - - — — = JR - — —
1964 8 86 8 253 — - — _ — - - - — - — — R - _ _
19651 260 69 — —_ = _ — — — —_ = —_ - - — - — = _ _ _
Total 184 8.2204 255196 37.3150 43.3121 46.4 87 484 47 499 16 526 5 522 2 527 1 508 — —
Females
1954 1 62 2 239 2 400 2 492 2 544 2 576 2 599 2 616 2 627 2 63.6 1 668 1 674
1955 1 82 3 281 3 406 3 466 3 504 3 521 3 537 3 547 3 557 2 554 2 560 —
1956 1 105 2 227 2 396 2 43 2 514 2 540 2 563 2 578 1 566 — _ — —_ — —
1957 3 91 3 256 3 399 3 463 3 502 3 528 3 5446 3 559 3 569 — - — — —
1958 10 69 16 220 16 376 16 446 16 489 16 516 9 548 7 562 — _ - — - —_ - —
1959 43 10.8 47 295 47 408 47 472 46 50.8 39 53.4 28 550 — — — — — — — — — —_
1960 21 82 28 240 28 3746 28 447 10 490 10 516 — — — — — —_ — — — _— —_
1961 10 72 15 236 15 378 11 4446 9 486 — - - — — —_ — —_— —
1962 7 64 13 193 13 322 10 401 — — — — — — — - — _— —_ — —_—— —
1963 38 7.9 46 247 38 365 — _—— - — — — —_— JR PR —_ - —_— —
1964 2 87 5 249 — — — —_ - —_ — - — — — — = —_ - — — _ -
19651 26 6.9 — —_— - — — —_ — —_ - —_— —— — — — — - —
Total 163 8.4180 25.1167 38.0122 454 91 50.1 75 528 47 55.1 17 567 9 577 4 595 3 596 1 67.4
1 Includes males and females.
RESULTS separately (Tables 8 and 4, Figure 6). However,

The computed lengths at each annulus for
male and female winter flounder from eastern
and western Georges Bank in 1963-66 (Tables
3 and 4, Figure 5) show that females grow
faster than males after the second year. This
pattern of growth is similar to that of New
England yellowtail flounder in which sexual
maturity usually occurs at age 3 (Lux and
Nichy, 1969). Limited evidence from the present
study indicates that Georges Bank winter
flounder also begin to attain maturity at age 3.

The fish from western Georges Bank appeared
to grow a little less rapidly, at least in early
years, than those from the eastern part of the
Bank, and their growth is therefore presented

the sample from western Georges Bank is too
small to precisely define growth there. Growth
in length for both of the grounds is rapid until
age 5 or 6. Then it tends to decrease sharply,
especially for males (Figure 6).

Growth by year class on eastern Georges
Bank (Table 3) suggested that fish from the
1959 year class grew slightly faster than those
from other years. The data at hand, however,
are inadequate for a conclusive examination
of this question.

Following the first 2 years, the growth of
fish on Georges Bank is faster than that of fish
on inshore areas (Figure 6). Although the
growth of this species on the inshore grounds
apparently varies widely from place to place
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TaBLE 4—Number (n) of fish in each sample and calculated mean length in centimeters (cm) at each annulus for each
year class and for all year classes combined, for male and female winter flounder collected on western Georges Bank

in 1963-66.
Number of annuli

Year 1 2 3 4 5 6 7 8 9 10 n
class

n cm n cm n cm H cm n cm n ecm 1 cm n cm n cm n wm n cm

Males
1958 3 63 6 179 6 312 6 390 6 443 2 490 2 508 — - — — - - — —
1959 3 59 3 170 3 299 3 369 3 406 3 434 1 435 — - — — — - — —
1960 12 6.4 14 210 14 344 5 388 5 422 4 454 — - — - — — — — — —
1961 6 66 6 208 4 285 4 360 — —_ = — — - — — — — — - —
1962 4 7.1 4 192 4 351 2 449 — [ —_ - — - — J— - —
1963 18 72 18 23.1 7 353 — — - — - —— - — —_— — - —_ —
19651 1 9.4 — — — - — — PR - —— - — — - —_
Total 47 6.8 51 21.0 38 332 20 3846 14 428 9 455 3 48.4 — — - —_— - — —
Females

1954 1 86 1 252 1 388 1 464 1 505 1 542 1 566 1 588 1 604 1 616 1 624
1955 1 82 1 172 1 276 1 372 1 454 1 500 1 540 1 564 1 580 1 590 — —
1956 3 73 3 219 3 355 3 445 3 497 3 534 3 559 2 584 2 600 1 610 — —
1957 2 62 2 176 2 290 2 388 2 446 2 482 2 509 2 526 — — - —_ —
1958 1T 67 1 200 1 302 1 374 1 40.9 — —_—— [ - — _— _ _ .
1959 5 77 5 241 5 371 5 441 5 498 5 526 1 556 — —— — - —_ - —
1960 12 73 14 21.8 14 335 14 398 14 445 1 536 — - — — - _—— — —
1961 9 74 9 197 7 296 7 370 1 42,4 — - - —_ — - — _ - — _
1962 2 68 2 203 2 362 2 424 — —_ — _— - — — — — = _— _
1963 4 71 5 235 4 375 — R —_—— —_— — — — — - _ .
1964 1 140 1 262 — — — — - _— —_— = R — = - — - —
19651 1 6.9 — — — - — - — P — — JE [ - _ - _
Total 42 75 44 21.6 40 33.6 36 40.4 28 46.) 13 521 8 545 6 562 4 596 3 605 1 62.4

1 Sex unknown,

TasLE 5.—Length-frequency distributions of white-spotted
winter flounder of the 1959 year class obtained from
commercial catches in 1964-66 from eastern Georges Bank.

Length May-June 1964 April 1965 April 1966

(cm)

Male Femate Male Female Mate Female
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(Berry et al., 1965; Poole, 1966; Kennedy and
Steele, 1971), it does not approach the rate on
Georges Bank at any inshore location where it
has been described. Growth of females was
greater than males after the first few years in
all areas, except off Newfoundland where there
appeared to be no difference in the age range
covered (Figure 6).

Calculated growth to the first annulus was
about 7 or 8 cm for both sexes on Georges
Bank (Tables 3 and 4). Although no 0-group
fish were obtained from Georges Bank for
length comparison, this size agrees closely with
the lengths of 0-group winter flounder from
inshore Massachusetts waters (Lux and Nichy,
1971). There the O-group fish by late fall
averaged 8.7 em long in 1961 and 7.8 em in
1962, There was no apparent growth difference
with sex in these inshore fish, for in late
October 1962 the males were 7.3 cm long (»
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FiGurRe 6.—Mean calculated lengths at each annulus
for male and female winter flounder from Georges Bank
compared with growth data for fish from Narragansett
Bay, R.I. (Berry et al., 1965), Shinnecock Bay, N.Y.
(Poole, 1966), and Conception Bay, Newfoundland
(Kennedy and Steele, 1971). (Open symbols for Georges
Bank represent fewer than five fish.)

10) and females, 7.2 em (n = 18). Length in
late fall of the first year in Connecticut waters
in 1958 and 1959 was similar to the above,
being about 7.0 cm standard length (Pearcy,
1962), which is about 8.7 cm total length.
Lengths calculated at the first annulus on
otoliths of winter flounder in Rhode Island
waters by Berry et al. (1965) were somewhat
greater, being 12.5 ¢m for males and 13.5 cm
for females.
Bertalanffy growth equations of the form

It =100 [1-exp(-K(t- to))]

in which [; is length at age ¢, [, is the
theoretical maximum length, K is the rate of
change in length increment, and ¢ is the age
at which growth in length theoretically begins,
were fitted by the method of Ricker (1958),
to the mean lengths at each age for males and
females from eastern Georges Bank (Table 3).
The resulting equations

Iy = 550 [1 - exp(-0.37(t + 0.05))]
I = 630 [1 - exp(-0.31(t - 0.05))]

(male)
(female)

express the growth rates for fish of age 3 and
beyond (Figure 7).

Estimates of [, given here are principally
for use in developing a mathematical expression
of growth rather than to accurately portray
maximum attained length. The [, of 55.0 cm
for males, for example, is somewhat shorter
than the maximum observed length of 57.0 cm.
Likewise, the [, of 63.0 cm for females is
considerably shorter than the 70.0 cm maximum
observed.

Inclusion of more iarge and old fish in the
samples might have altered the form of the
computed growth curves slightly. Until more
accurate equations are derived, however, those
given above will provide reasonable accuracy
for yield per recruit calculations for both
eastern and western Georges Bank.
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